ABSTRACT Global Positioning System (GPS) is a satellite-based navigation system that provides a three-dimensional user
Introduction
GPS has been widely used for precise positioning and navigation applications. In addition to the propagation errors, the receiver position accuracy, availability, reliability and integrity of GPS navigation solution are affected by satellite clock errors and orbital solution errors. Individual satellite clocks, although highly stable, may deviate from GPS system time. Hence for precise navigation applications, satellite clock error needs to be corrected.
In this paper, the satellite signal time of transmission is precisely estimated by considering the clock correction parameters like satellite clock bias (a 0 ), satellite clock drift (a 1 ), satellite clock drift rate (a 2 ), transmitted as part of the navigation message, signal emission time at the antenna and the pseudorange measured between the satellite and the receiver.
The orbital solution of each satellite is estimated using the broadcast ephemerides, which differ from their true satellite positions as shown in Figure 1 . This deviation is due to uncertainty in the gravitational model, limited accuracy of the orbit representations and inadequately modelled surface forces on the satellites like solar radiation pressure and atmospheric drag. In this paper, the orbital solution errors are estimated by comparing the broadcast ephemerides with the precise ephemerides obtained by JPL, USA. Here for error calculation, the JPL estimations are taken as the benchmark assuming that these estimates are of high precision. The errors are estimated and analysed for ephemeris data collected on 11
th March 2011 at Department of Electronics and Communication Engineering, Andhra University College of Engineering, Vishakhapatnam.
Estimation of Satellite Clock Error and Orbital Solution Error
The GPS receiver uses the same PRN codes which are transmitted by the 32 satellites for determining the distance between each satellite and receiver. This distance is also known as pseudorange. For precise navigation solution the computed pseudorange needs to be corrected for the errors like satellite clock error, tropospheric error, multipath errors, ionospheric errors etc. [1] . Among these the satellite clock error has a major impact on the pseudorange and is given by the following Equation (1)
where, m P = Measured range (meters); ρ = True range (meters); sc ε = Satellite clock error (sec); C = Velocity of light = 3 × 10 8 meters/sec; from Equation (1) it is evident that satellite clock error of 1 microsecond will lead to 300 meters error in the pseudorange [2] .
Satellite Clock Error
All satellites contain atomic clocks that control all onboard timing operations, including broadcast signal generation. Although, these clocks are highly stable still they lack of perfect synchronization between the timing of the satellite broadcast signals and GPS system time. Satellite clock correction terms ( 0 a , 1 a and 2 a ) and time of clock oc t , account for this lack of synchronization. All these parameters are obtained from navigation file. The on board clock stability is about 1 to 2 parts in 10 13 over a period of one day [3] . These errors are common to all users observing the same satellite. The satellite clock error is caused by the satellite oscillator not being synchronised to true time (GPS time).
The deviation of a particular clock from GPS system time is modeled as a quadratic function of time. The parameters of this model are estimated, uploaded to the satellite, and are broadcasted. The coefficients 0 a , 1 a and 2 a in the below equation are called the bias, drift, and aging parameters of the satellite clock [4] . The estimation of satellite clock errors are as given below.
The satellite time of transmission is computed as ( )
where, s t = satellite time of transmission (sec); rx t = Signal reception time at receiver (sec); P = Pseudorange (meters); c = speed of light (meters/sec).
The time at which the signal received from the satellite and the pseudorange are read from the broadcast ephemerides and observation data files respectively. The term ( ) P c in Equation (2) gives the signal propagation time. This propagation time is subtracted from the signal reception time computed at the receiver and the residual time will be the instant at which the signal started from the satellite.
The satellite clock offset ( ) dt is calculated as,
where, s t = Satellite time of transmission (sec); oc t = Time of clock (sec).
The satellite time of transmission is calculated using Equation (2) and time of clock is available in navigation data.
The satellite clock error ( ) sc ε is modelled using the second order polynomial as given below. The correction parameters bias, drift and aging are available in navigation data. Finally the satellite position is estimated using the corrected time of transmission GPS T and the broadcast orbital parameters.
Broadcast Orbital Solution Error
The GPS navigation message file which contains the broadcast ephemerides gives the Keplerian parameters needed to compute the coordinates and clock correction for each satellite. This ephemeris data also contains the time information needed to correct that satellite's clock to match with the GPS time. Error in satellite clock and orbital parameters results in estimation of incorrect orbital solution.
JPL Orbital Solution Interpolation
The 
where,
are Lagrange interpolating polynomials defined as,
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where, x = Lagrange multipliers; n = Number of intervals. The above Lagrange interpolating polynomial for time interval t is written as the n th polynomial ( ) 
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Results and Discussion
The satellite clock errors and orbital solution errors are estimated and the analysis of the error which are supported by the relevant graphs and the tables are presented in this paper.
The broadcast orbital solution error and satellite clock error are estimated using the data collected by the receiver from 02:00 hours to 02:39 hours with an epoch inter- Table 1 details the satellite clock offset and satellite clock error of SVPRN26 for 10 epochs. Figure 2 and Figure 3 shows these variations over 157 epoch and it is observed that the satellite clock offset is varied from −0.07262 to 2340 seconds and the corresponding clock error is varied from −0.00014192 to −0.00014194 seconds. Table 2 details the error in each of the coordinates of the broadcast satellite position with that of the precise satellite position of SVPRN26 for 10 epochs. Figure 4 shows this variation over 157 epochs and it is observed that the satellite positions in the x-coordinate is deviated by 17.02 to −5.939 meters. Similarly, the error is varied from 2.973 to 63.89 meters and −235.8 to −218.1 meters for yand z-coordinates respectively. 
Satellite Clock Error
Orbital Solution Error
Conclusions
This paper reveals the importance of the satellite clock error and the orbital solution error. 
